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A paradoxical embolus (PDE) is an arterial embolus
that originates in the venous circulation and passes into
the arterial circulation, through a right-to-left shunt. PDE
is most likely to occur after deep venous thrombosis
(DVT) in a patient with a congenital cardiac lesion, most
commonly a patent foramen ovale (PFO). Frequently, pul-
monary embolism and pulmonary hypertension inducing
a right-to-left shunt precede the PDE. An unusual case of
PDE causing carotid artery occlusion and its successful
diagnosis and surgical treatment are presented.
CASE REPORT
A 67-year-old left-handed man was evaluated at another hospi-
tal emergency department 6 hours after left facial droop, left hemi-
paresis, and expressive aphasia developed. Results of emergency
computed tomographics scan of the brain were negative, and the
patient was therapeutically anticoagulated with heparin. A carotid
ultrasound scan the following morning revealed an occlusion of the
right carotid artery bifurcation prompting referral to the Medical
Center of Central Georgia for definitive care. Twenty-four hours
after the onset of symptoms, the patient arrived at our institution
and was neurologically intact except for a mild residual aphasia. His
medical history included chronic obstructive pulmonary disease
with a 50-pack per year smoking history. There was no past history
or family history of thromboembolism. The patient was not taking
any anticoagulants or platelet inhibitors. Physical examination
revealed a normal left carotid pulse and no carotid or superficial
temporal pulse on the right. No carotid bruits or cardiac murmurs
were appreciated. Blood pressure was equal in the upper extremities,
and there was mild bilateral lower extremity edema. Chest x-ray film
revealed enlarged pulmonary vascular markings suggestive of pul-
monary hypertension. An electrocardiogram showed a right ven-
tricular hypertrophy and a right bundle branch block. A repeat
carotid ultrasound scan was suspicious for a right carotid embolus
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with no flow detected in either the internal or external carotid arter-
ies (Fig 1). The unusual ultrasound scan image and improving neu-
rologic function prompted a carotid arteriogram that clearly
demonstrated a right carotid bifurcation embolus with flow into the
internal carotid artery (Fig 2). The aortic arch and the left carotid
arteries appeared free of significant atherosclerosis. An emergency
carotid artery embolectomy was performed through a standard
right sternocleidomastoid incision. After proximal and distal control
was obtained, a longitudinal arteriotomy was made, and a soft dark
red thrombus in the shape of the carotid bifurcation was easily
removed (Fig 3). There was no atherosclerotic carotid stenosis pre-
sent and no endarterectomy needed. There was no shunt, and pri-
mary closure was used. Anticoagulation was maintained in the
postoperative period, and recovery was uneventful. An investigation
to identify the source of embolization was undertaken. A transtho-
racic echocardiogram failed to demonstrate any mural thrombus or
intracardiac defects. However, a contrast-enhanced transesophageal
echocardiogram demonstrated a large PFO with intermittent right-
to-left shunting, mild tricuspid regurgitation, and no intracardiac
thrombus or aortic atheroma. A venous sonogram subsequently
revealed DVT in the left superficial femoral and popliteal veins, and
a ventilation-perfusion scan revealed large, unmatched perfusion
defects in the left upper, right upper, and right lower lobes consis-
tent with a high probability of pulmonary embolism. The patient
was discharged on the eighth postoperative day with no residual
neurologic deficits. Long-term anticoagulation with warfarin
sodium (Coumadin) is planned.
DISCUSSION
To our knowledge, we report the first successful 
case of a carotid bifurcation embolectomy for a PDE.
Cohnheim1 first described paradoxical embolism in 1877.
Since then, paradoxical embolization to the cerebral arteries,
coronary arteries, superior mesenteric artery, aorta, and
extremity arteries have all been reported. Although PDE is a
known cause of stroke, surgical intervention in patients with
stroke is rarely feasible. Turnbull et al2 described the surgical
removal of a paradoxical saddle embolus to the innominate
artery producing cerebral and arm ischemia. Their patient
was likewise found to have DVT as the embolic source, mul-
tiple pulmonary emboli, and a PFO.
In our patient, transient cerebral ischemia was caused
by a large PDE to the carotid bifurcation. Paradoxical
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Paradoxical embolism is a rare cause of ischemic stroke. We report the case of a 67-year-old man who had a saddle embo-
lus to the carotid bifurcation successfully treated with emergency embolectomy. Transesophageal echocardiogram revealed
a large patent foramen ovale and an easily demonstrable right-to-left shunt. Subsequent investigations revealed proximal
deep venous thrombosis in the left femoral and popliteal veins and multiple pulmonary emboli. Long-term anticoagulation
was instituted for the diagnosis of paradoxical embolism. The patient’s recovery was uneventful, and he remained neuro-
logically intact. A literature review emphasizes the role of transesophageal echocardiography and suggests that paradoxical
embolism may be a more common cause of stroke than previously thought. (J Vasc Surg 2001;33:880-2.)
JOURNAL OF VASCULAR SURGERY
Volume 33, Number 4 McKinney et al 881
embolism is currently considered a rare cause of stroke.
However, 20% to 40% of strokes are diagnosed and treated
without the etiology of cerebral ischemia ever being iden-
tified.3 Moreover, recent studies have demonstrated a
PFO in 20% to 30% of the healthy population and in
approximately 50% of patients with stroke, suggesting that
paradoxical embolism may be a much more common
cause of stroke than previously thought.4
An especially high index of suspicion of paradoxical
embolism is warranted in patients with acute arterial
ischemia suggestive of embolization who present with
concomitant DVT, pulmonary embolism, or both.
Furthermore, the diagnosis should be considered in any
patient with arterial embolization in which no source of
emboli is found. The definitive diagnosis of paradoxical
embolism obviously requires an arterial obstruction, the
demonstration of a direct communication between the
venous and arterial systems with a right-to-left shunt, and
a venous embolic source such as a DVT.5 Rarely, the diag-
nosis is made by imaging emboli lodged or in transit
through an intracardiac defect.6 Our patient presented
with a carotid artery embolus and had proximal DVT,
multiple pulmonary emboli, and an easily detectable right-
to-left shunt through a PFO. The diagnosis of paradoxical
embolism is clearly justified, although simultaneous arter-
ial venous thrombosis resulting from a hypercoagulability
syndrome has not been definitely ruled out.
The use of transesophageal echocardiography (TEE)
was essential in making the diagnosis of PDE. Similar to
several previous reports, a transthoracic echocardiogram
failed to reveal any abnormality in our patient, whereas
contrast-enhanced TEE showed a PFO with a right-to-left
shunt.2,7 TEE is more sensitive than transthoracic
echocardiography in the detection of both mural throm-
bus and cardiac defects because of the proximity of the
esophagus to the heart without intervening lung or bone.
Fig 1. Longitudinal (A) and cross-sectional (B) duplex scan of right carotid bifurcation showing intraluminal embolus.
Fig 2. Selective right carotid arteriogram showing partially occlu-
sive carotid bifurcation embolus.
Fig 3. Surgical specimen of PDE or carotid embolus.
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TEE augmented with intravenous injection of contrast or
microbubbles has become the standard for the identifica-
tion of intracardiac right-to-left shunt.8
In our patient, early anticoagulation reversed an acute
and profound neurologic deficit. Anticoagulation is the
initial treatment of patients with PDE to prevent clot
propagation and recurrent embolization to both the
venous and arterial circulation. The arterial embolus may
also require urgent operative removal for limb- or life-
threatening ischemia. Thrombolytic therapy is attractive
for its potential to simultaneously treat thrombi in the
venous, pulmonary, and arterial circulation. The successful
use of thrombolytic therapy has been reported for patients
with PDE and hemodynamic compromise from pul-
monary emboli.9 Less clear are the roles of vena cava fil-
ters and closure of a PFO for long-term prevention of
recurrent PDE. Although it is effective in the prevention
of significant pulmonary emboli, recurrent PDE has been
reported in patients treated with caval filters presumably
because of their failure to capture small thrombi clinically
relevant in the arterial circulation.10 PFO closure is clearly
indicated in patients with PDE in whom anticoagulation
fails or who meet hemodynamic criteria. How the risks
and benefits of PFO closure compare with those of long-
term anticoagulation for the initial episode of PDE is
unknown. For our patient we have recommended long-
term anticoagulation with warfarin sodium (Coumadin)
and close observation for recurrent symptoms of throm-
boembolism or arterial insufficiency.
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